1. Introduction {#s0005}
===============

Viral gastroenteritis is a common cause of morbidity and mortality in humans worldwide, affecting all age groups. Etiological agents include a number of viruses encompassing several orders, families, and genera.

Viral pathogens causing acute gastroenteritis include *Rotavirus* (RV), members of the *Caliciviridae* family such as *Norovirus* (NoV) and *Sapovirus* (SaV), *Adenovirus* (HAdV) and *Astrovirus* (HAstV) ([@bb0035]). Viral gastroenteritis can be more severe in young children, the elderly, and immunocompromised patients. RV causes 600,000--875,000 deaths per year ([@bb0010]), the majority of which occur in developing countries, and it is the most severe and common cause of diarrhea in children under 5 years of age ([@bb0145]). Frequently, NoVs are responsible for outbreaks and sporadic cases of nonbacterial gastroenteritis in children and adults worldwide ([@bb0085]). SaV is considered an important cause of gastroenteritis in children under 5 years of age, while it is of minor importance in adults ([@bb0035]). HAstVs and enteric HAdVs cause gastroenteritis, primarily in children less than 4 years of age ([@bb0025]).

Human bocavirus and human coronavirus, mainly involved in infections of the respiratory tract, are also implicated in gastrointestinal infections ([@bb0010], [@bb0090]).

Members of the *Picornaviridae* family, for example, enterovirus (EV), parechovirus (HPeV), aichi virus (AiV), and human cosavirus (HCoSV), are causative agents of gastroenteritis ([@bb0045], [@bb0060]). Recently, also rhinoviruses (HRV) have been detected in stool samples ([@bb0050]).

Considering the highly contagious nature of these viruses, surveillance of new cases is needed for outbreak prevention and control. Unfortunately, the number of agents implicated in gastrointestinal infections makes the construction of a comprehensive diagnostic panel very challenging. The present study is aimed at evaluating the circulation of gastrointestinal viruses in hospitalized patients using polymerase chain reaction (PCR) assays.

2. Methods {#s0010}
==========

2.1. PCR assays {#s0015}
---------------

Overall, 689 stool samples stored in the period April 2011 to April 2012 from as many patients (356 pediatrics and 333 adults) with gastrointestinal syndromes hospitalized at the Fondazione IRCCS Policlinico San Matteo of Pavia (a teaching and university hospital with 50,000 admissions, 2,500,000 outpatients visits, and 94,000 emergency consultations per year) were systematically examined for the presence of gastroenteric viruses. Gastrointestinal syndrome was defined as the rapid onset of 2 or more of the following symptoms: diarrhea, vomiting, nausea, fever, or abdominal pain. In the present study, stool samples collected from patients with diarrhea during the acute phase of gastroenteritis were retrospectively analyzed.

In more detail, all 689 samples were tested by: i) real-time reverse transcriptase polymerase chain reaction (RT-PCR) for NoV, RV, HAstV, EV, HRV, HPeV, SaV, human coronavirus (hCoV); ii) real-time PCR for HAdV; iii) nested RT-PCR for AiV and HCoSV; and iv) nested PCR for human bocavirus (hBoV).

The age of pediatric patients ranged from 4 days to 16 years (median, 2 years), and the age of adult patients ranged from 17 to 96 years (median, 61 years). This retrospective study was performed according to guidelines of the Institutional Review Board of the Fondazione IRCCS Policlinico San Matteo on the use of biologic specimens for scientific purpose in keeping with Italian law (art.13 D.Lgs 196/2003).

Viral nucleic acids were extracted from 500 μL of 10% fecal suspension, using the automated extractor Nuclisens® easyMAG™ (BioMérieux, Lyon, France) coextracting DNA and RNA in a final elution volume of 55 μL.

PCR methods were performed according to published protocols ([@bb0015], [@bb0020], [@bb0055], [@bb0070], [@bb0075], [@bb0080], [@bb0100], [@bb0105], [@bb0115], [@bb0135], [@bb0140], [@bb0150]), with slight modifications in the reverse transcriptase protocol as well as in the adoption of 7300 Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) for the amplification step. In detail, 5 μL of eluted nucleic acids were submitted to real-time RT-PCR, real-time PCR, nested RT-PCR, or nested PCR assays using the Ag-Path-ID one-step RT-PCR kit (Applied Biosystems) according to manufacturer\'s indications. The sequence of primers and probes was not modified ([Table 1](#t0005){ref-type="table"} ). The PCR thermal profile by [@bb0140] and by [@bb0055] were slightly modified ([Table 1](#t0005){ref-type="table"}) without affecting sensitivity and specificity, as internally validated by parallel amplification of positive and negative samples and according the results of the Quality Control for Molecular Diagnostics ([www.QCMD.org](http://www.QCMD.org){#ir0010}; Glasgow, Scotland, UK). The performance of molecular assays in comparison with commercial assays has been previously reported ([@bb0120]).Table 1Molecular parameters used for detection of different gastrointestinal viruses in stool samples.Virusmolecular testGene targetThermal profileCycle no.Oligonucleotide sequence (5′→3′)ReferencesNoV GIReal-time RT-PCRcapsid50 °C/10′ 95 °C/10′\
95 °C/15″ 60°/1′1\
45QNIF4: CGCTGGATGCGNTTCCAT\
NV1LCR: CTTAGACGCCATCATCATTTAC\
NV1LCpr probe: TGGACAGGAGAYCGCRATCT[@bb0015]NoV GIIReal-time RT-PCRORF1-ORF2 junction50 °C/10′ 95 °C/10′\
95 °C/15″ 60°/1′1\
45QNIF2d: ATGTTCAGRTGGATGAGRTTCTCWGA\
COG2R: TCGACGCCATCTTCATTCACA\
QNIFS probe: AGCACGTGGGAGGGGATCG[@bb0015]RVReal-time RT-PCRnon-structural protein 350 °C/10′ 95 °C/10′\
95 °C/15″ 55 °C/1′1\
50ROTAs (fwd1): ACCATCTTCACGTAACCCTC\
ROTAs (fwd2): ACCATCTACACATGACCCTC\
ROTAas (rev): CACATAACGCCCCTATAGCC\
ROTA (probe): ATGAGCACAATAGTTAAAAGCTAACACTGTCAA[@bb0140]HAstVReal-time RT-PCRORF-1a50 °C/10′ 95 °C/10′\
95 °C/15″ 55 °C/1′1\
50ASTVs: TCTYATAGACCGYATTATTGG\
ASTVas: TCAAATTCTACATCATCACCAA\
ASTV probe: CCCCADCCATCATCATCTTCATCA[@bb0140]EVReal-time RT-PCR5′-noncoding region45 °C/10′ 95 °C/10′\
95 °C/15″ 60°/1′1\
40rhientfwd: CCTCCGGCCCCTGA\
P1.4taq: GATTGTCACCATAAGCAGCC\
Entpr1 probe: CGGAACCGACTACTTTGGGT[@bb0135]HRVReal-time RT-PCR5′-noncoding region45 °C/10′ 95 °C/10′\
95 °C/15″ 60°/1′1\
40primer fwd: CPXGCCZGCGTGGC\
primer rev: GAAACACGGACACCCAAAGTA\
probe: TCCTCCGGCCCCTGAATGYGGC[@bb0105]HPeVReal-time RT-PCR5′-NTR50 °C/10′ 95 °C/10′\
95 °C/15″ 58 °C[a](#tf0005){ref-type="table-fn"}/30″ 72 °C/10″1\
50AN345: GTAACASWWGCCTCTGGGSCCAAAAG\
AN344: GGCCCCWGRTCAGATCCAYAGT\
AN257 probe: CCTRYGGGTACCTYCWGGGCATCCTTC[@bb0115]SaV GI\
GII\
GIVReal-time RT-PCRpolyprotein50 °C/10′ 95 °C/10′\
95 °C/15″ 60°/1′1\
40sapo.fwdA: ACCAGGCTCTCGCCACCTA\
sapo.fwdB: ATTTGGCCCTCGCCACCTA\
sapo.rev: GCCCTCCATYTCAAACACTAWTTT\
sapo.probeA: CTGTACCACCTATGAACCA\
sapo.probeB: TTGTACCACCTATGAACCA\
sapo.probeC: TGTACCACCTATAAACCA\
sapo.probeD: TGCACCACCTATGAAC[@bb0100]hCoV OC43Real-time RT-PCRnucleoprotein45 °C/10′ 95 °C/10′\
95 °C/15″ 55 °C/1′1\
40OC43 fwd: CGATGAGGCTATTCCGACTAGGT\
OC43 rev: CCTTCCTGAGCCTTCAATATAGTAACC\
OC43 probe: TCCGCCTGGCACGGTACTCCCT[@bb0020]hCoV 229EReal-time RT-PCRnucleoprotein45 °C/10′ 95 °C/10′\
95 °C/15″ 55 °C/1′1\
40229E fwd: CAGTCAAATGGGCTGATGCA\
229E rev: AAAGGGCTATAAAGAGAATAAGGTATTCT\
229E probe: CCCTGACGACCACGTTGTGGTTCA[@bb0020]hCoV NL63Real-time RT-PCRnucleoprotein45 °C/10′ 95 °C/10′\
95 °C/15″ 55 °C/1′1\
40NL63fwd: GACCAAAGCACTGAATAACATTTTCC NL63 rev: ACCTAATAAGCCTCTTTCTCAACCC NL63 probe: AACACGCTTCCAACGAGGTTTCTTCAACTGAG[@bb0020]hCoV HKU1Real-time RT-PCRreplicase 1b45 °C/10′ 95 °C/10′\
95 °C/15″ 55 °C/1′1\
40HKU1 fwd: CCTTGCGAATGAATGTGCT\
HKU1 rev: TTGCATCACCACTGCTAGTACCAC\
HKU1 probe: TGTGTGGCGGTTGCTATTATGTTAAGCCTG[@bb0020]HAdVReal-time PCRhexon50 °C/2′ 95 °C/10′\
95 °C/15″ 60°/1′1\
40AQ1: GCCACGGTGGGGTTTCTAAACTT\
AQ2: GCCCCAGTGGTCTTACATGCACATC\
AP probe: TGCACCAGACCCGGGCTCAGGTACTCCGA[@bb0055]AiVNested RT-PCR3CD junction50 °C/10′ 95 °C/10′\
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[@bb0080][^1][^2][^3]

Purified PCR products were sequenced using the BigDye Terminator Cycle-Sequencing kit (Applied Biosystem) with an ABI Prism 3100 DNA sequencer (Applied Biosystem). Sequences were assembled using the Sequencer software, version 4.6 (Gene Codes Corporation, Ann Arbor, MI, USA). Nucleotide alignments were constructed using the ClustalW method with MEGA version 4.1 software ([@bb0125]).

3. Results {#s0020}
==========

3.1. Patients\' characteristics {#s0025}
-------------------------------

Overall, 689 stool samples from as many patients (356 pediatrics and 333 adults) with gastrointestinal syndromes were analyzed. The age of pediatric patients ranged from 4 days to 16 years (median, 2 years), and the age of adult patients ranged from 17 to 96 years (median, 61 years). Gastrointestinal viruses were detected in 246 (35.7%) patients. Among these, a single pathogen was diagnosed in 191 (27.7%) patients, as multiple infections in 55 (8.0%) patients, while in 443 (64.3%) patients, no viruses were detected ([Fig. 1](#f0005){ref-type="fig"}A).Fig. 1(A) Number of patients positive for single (n = 191) or multiple (n = 55) gastrointestinal viruses among 689 hospitalized patients with gastrointestinal syndrome. (B) Proportion of patients positive for individual (n = 191) or mixed (n = 55) gastrointestinal virus infections.

3.2. Frequency and distribution of gastrointestinal viruses {#s0030}
-----------------------------------------------------------

The number of patients positive for single or multiple gastrointestinal viruses is reported in [Fig. 1](#f0005){ref-type="fig"}B. The most common gastrointestinal virus was HAdV, accounting for 17.5% (43/246) of positive samples. NoV accounted for 16.5% (41/246) of positive samples; RV, for 15.5% (38/246); HRV, for 14.5% (36/246); SaV, for 3.0% (8/246); EV, for 3.0% (7/246); HAstV, for 2.5% (6/246); HCoV, for 2.0% (5/246); HBoV for 2.0% (5/246); HPeV, for 1.0% (2/246); and HCoSV for 0.5% (1/246). None of the patients (0%) tested positive for AiV infection.

Among the HAdV positive samples, serotype 1 was the most frequent (5/43, 11.6%), followed by serotype 2-5-F41 (3/43, 7.0% each). Among calicivirus, NoV was the most frequent at 83.6% (41/49), while SaV was detected in 16.4% (8/49) samples. NoV GII was more frequently diagnosed (40/41, 97.5%) than GI (1/41, 2.5%).

Among *Picornavirus*, HRV was the most frequently detected (36/46, 78.3%), EV was detected in 15.2% samples (7/46), HPeV accounted for 4.3% (2/46), and HCoSV corresponded to 2.2% (1/46) of *Picornavirus*-positive samples.

Multiple infections were detected in 22% (55/246) of patient ([Fig. 1](#f0005){ref-type="fig"}A and B). Most multiple infections involved HRV (n = 25), HAdV (n = 23), RV (n = 19), NoV (n = 12), and HBoV (n = 12). Multiple infections involved 2--4 viruses at the same time. The most frequently detected coinfections were HAdV + HRV (8/55, 14.5%).

3.3. Distribution of virus gastrointestinal infection in different age groups {#s0035}
-----------------------------------------------------------------------------

The highest number (110/233, 47.2%) of viral gastrointestinal infections was detected in children (\<5 years old), while the lowest (44/186, 23.6%) was detected in adults. The gastrointestinal virus distribution in different age groups of patients was 47.2% (110/233) in children aged \<5 years, 43.0% (53/123) in children aged 5--15 years, 23.6% (44/186) in patients aged 16--65 years, and 26.5% (39/147) in the elderly \>65 years. The most frequent virus infections in children \<5 years old were caused by RV (27/110, 24.5%), while coinfections accounted for 33.6% (37/110) of all infections (37/110). NoV infections (20/39, 51.3%) were diagnosed more frequently in adults aged \>65 years. The relative frequency of gastrointestinal virus positivity in stool samples according to age distribution is listed in [Fig. 2](#f0010){ref-type="fig"} .Fig. 2Distribution of gastrointestinal viruses in hospitalized patients with gastrointestinal syndromes, according to patient age.

3.4. Seasonal distribution of gastrointestinal virus infection {#s0040}
--------------------------------------------------------------

During the study period, a cumulative infection peak was reached in the winter season (between January and March) with 48.0% (118/246) of patients testing positive for gastrointestinal viruses ([Fig. 3](#f0015){ref-type="fig"} ). HAdV was detected throughout the year but was more frequent in October to November and January to February. HRV was present year round, except in September and February, and peaked in May (6/17, 35.3%) and January 13.6% (6/44). RV was detected more frequently from December to March with a peak in February (11/36, 30.5%), while it decreased during the warmest period of the year. NoV was absent in September, November, and December; peaked in March (20/38, 52.6%); and was present during the rest of the year.Fig. 3Frequency and seasonal distribution of gastrointestinal viruses in hospitalized patients with gastrointestinal syndromes.

4. Discussion {#s0045}
=============

Viral gastroenteritis is one of the most frequent diseases in children and adults and continues to be a significant cause of morbidity and mortality worldwide ([@bb0145]). Diagnostic panels (either molecular or immunologic) should include all virus agents potentially associated with gastrointestinal syndromes but are presently largely incomplete. Detection of gastrointestinal viruses is routinely performed using immunologic assays, such as the enzyme-linked immunosorbent assay (ELISA) and immunochromatographic test (ICT). Nevertheless, these tools have limited sensitivity ([@bb0120]). In recent years, real-time PCR techniques have shown greater sensitivity and specificity than immunological assays for detection of gastrointestinal viruses ([@bb0010], [@bb0120], [@bb0140], [@bb0145]).

In an attempt to better understand the epidemiology of viral gastroenteritis in hospitalized patients, a 1-year surveillance study was carried out. A limitation of the study is the unavailability of data on other gastrointestinal agents (parasites, bacteria, and fungi). Thus, the results of this study are useful to verify the relative frequency of different viruses in diarrheic stools, while attributing clinical significance to the virologic data would require a larger dataset. Gastrointestinal viruses were detected in about one third of symptomatic patients, a percentage somewhat lower than expected. The distribution of NoV, RV, SaV, HAstV, and HBoV infections is in agreement with data reported in previous surveillance studies in developed countries ([@bb0040], [@bb0110], [@bb0140]). However, unlike previous results, HAdV appeared to be the most frequent viral agent. This result could be related to the different sensitivity of assays used. However, monitoring HAdV gastrointestinal diseases in children aged \<5 years over a period of 15 years in Japan showed that the annual percentage of HAdV infections ranged from 1.8% to 15.4% indicating yearly fluctuations in HAdV prevalence ([@bb0030]). HAdV infection in our study appeared to peak in October suggesting a potential cluster of infection. The investigation of potential local outbreaks is beyond the scope of this study. However, this type of investigation is highly needed and should be implemented.

In the present study, surprisingly, HRV was one of the most frequent viruses in stools of patients with gastrointestinal syndromes. In addition, HRV was the most frequent virus in multiple infections. Presently, the role of HRV in gastroenteritis is debated ([@bb0050], [@bb0065], [@bb0095]). Our data support the presence of HRVs in a significant proportion of patients with gastroenteritis and also in the absence of other gastrointestinal viruses. However, more focused studies, including the systematic detection and culturing of viral, bacterial, and parasitic agents, are needed to understand the role of HRV in stool samples. In this study, several members of the genus *Picornavirus* were detected, including a case of HCoSV gastrointestinal infection, whose clinical characteristics have been reported elsewhere ([@bb0005]). In agreement with published data ([@bb0040]), we found that NoV was the most prevalent of calicivirus, followed by SaV. In addition, NoV GII was more frequently diagnosed than GI.

Multiple infections (involving 2--4 viruses) were detected in about one quarter of patients. These results are in agreement with a previous surveillance study in France ([@bb0130]), which reported that, in different European countries, the percentages of mixed viral infection in stool samples ranged from 4.4 to 29%. Furthermore, we observed that multiple infections were detected more frequently in paediatric patients than in adults.

The number of viral gastroenteritis was higher in winter (from January through March) than in other seasons, but HAdV and HRV were detected all year round. NoV infections peaked in March, and RV was detected more frequently during the winter season.

In conclusion, the findings of this study show that HAdV, NoV, and RV are the leading cause of viral gastroenteritis in hospitalized patients. The investigation of all enteric viruses (including HAstV, EV, HPeV, HBoV, HCoV, SaV, HCoSV, and AiV) is needed to improve routine laboratory diagnostics and to provide additional epidemiologic data on the circulation of gastrointestinal viruses in the hospital settings.
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[^1]: ORF = open reading frame; NTR = nontranslated region; 3CD = C terminus 3C-N terminus 3D junction.

[^2]: Probe detection during the 58 °C annealing step.

[^3]: A decrease of 0.5 °C in annealing temperature each cycle.
